Background: Long non-coding RNAs (lncRNAs) participate in many biological dynamics and play significant roles in gene regulation. LncRNA expression is altered in many cancers; however, the expressions and functions of lncRNA genes in lung adenocarcinoma (LAD) remain unknown. Methods: LncRNA and messenger RNA (mRNA) expression in LAD without lymphatic metastasis versus paired adjacent non-tumor (ANT) lung tissues and LAD with versus without lymphatic metastasis were analyzed using Human LncRNA Arraystar V3.0. The expression levels of four downregulated and four upregulated lncRNAs were verified using quantitative real-time PCR in cells and tissue specimens. Results: In this study, 949 lncRNAs and 681 mRNAs had differential expression in LAD without lymphatic metastasis compared to ANT lung tissues, while 2740 lncRNAs and 1714 mRNAs were differentially expressed in LAD with lymphatic metastasis compared to LAD without lymphatic metastasis. The expression patterns of selected lncRNAs (LINC00113, AC005009.1, ARHGAP22-IT1, AC009 411.1, SRGAP3-AS2, EGFEM1P, FAM66E, and HLA-F-AS1) were consistent with microarray data. Differentially expressed mRNA genes were enriched in crucial Gene Ontology terms and pathways. Conclusion: Our results revealed differentially expressed lncRNAs in LAD, suggesting lncRNAs may be potential indicators for LAD diagnosis and therapy.
Introduction
Long non-coding RNAs (lncRNAs) have increasingly drawn attention among diverse non-protein-coding transcripts. LncRNAs refer to transcripts longer than 200 nucleotides without protein-coding capacity. The number of lncRNA genes in humans is estimated to surpass proteincoding genes, ranging from 20 000 to more than 100 000. LncRNAs are reported to implement various functions in many biological phenomena, from transcription regulation trans and in cis to the regulation of proteins or RNA molecules, such as messenger RNA (mRNA) expression modulation, which suggests a co-regulated network. Despite a number of differences, such as the sense (mRNA) and antisense (lncRNA) directions of promoters and other divergent features, lncRNAs and mRNAs are actually alike. 1 Nevertheless, the biological relevance and functional roles of a large proportion of lncRNAs and mRNAs are still poorly characterized.
Cancer causes 8 million deaths per year worldwide, with more than 1.6 million resulting from lung cancer. 2, 3 In the United States in 2017 there were an estimated 222 500 new cases and 155 870 deaths related to the lung and bronchus, with 234 030 new cases and 154 050 deaths expected in 2018. 4, 5 Lung cancer accounts for one in five cancer-related deaths, making it the leading cause of mortality. 6 The therapy applied and prognosis of lung cancer depends upon the different subtype and pathologic alterations. Lung cancer is mainly comprised of non-small-cell lung cancer (adenocarcinoma and squamous carcinoma) and small-cell lung cancer. 7 Lung adenocarcinoma (LAD), accounting for more than 40% of lung malignancies, is the most familiar subtype and one of the most difficult to treat in a clinical situation. Moreover, a metastatic signature tends to be associated with poorer prognosis, and the presence of lymphatic metastasis is a significant predictor of a poor outcome.
Herein, we analyzed lncRNA and mRNA expression patterns in LAD to determine the differentially expressed lncRNAs and mRNAs in LAD with or without lymphatic metastasis to examine the significance between them.
Methods
Cell lines and reagents BEAS-2B bronchial epithelial cells, H1299, Calu1, and SPC-A1 and A549 human LAD cells were acquired from American Type Culture Collection (Manassas, VA, USA). The BEAS-2B bronchial epithelial cells were cultivated in LHC-9 medium, while the H1299, Calu1, and SPC-A1 cell lines were cultivated in 10% fetal bovine serum (FBS) supplemented with RPMI-1640 medium and A549 in 10% FBS supplemented Ham's F12 at 37 C 5% CO 2 .
Tissue collection
Fresh tissues were acquired from patients pathologically identified with LAD during surgery at the Affiliated Hospital of Weifang Medical University. Twenty LAD tissue specimens and corresponding adjacent non-tumor (ANT) lung tissues from LAD patients with lymphatic metastasis and 20 specimens from LAD patients without lymphatic metastasis were collected, and three of each group were used in microarrays. None of the patients had been administered chemotherapy or radiotherapy before surgery. Patients provided informed consent for the use of tissue specimens and the hospital ethics committee approved the study. The clinical characteristics of the enrolled patients are listed in Table 1 .
Long non-coding RNA (LncRNA) microarray
Microarray analysis of three pairs of LAD tissues and corresponding ANT lung tissues from patients with and without lymphatic metastasis was conducted. Microarrays were performed using Human LncRNA Array V3.0 (Arraystar, Rockville, Maryland, USA), to profile human lncRNAs and mRNAs. Microarray analysis was conducted by KangChen Bio-tech (Shanghai, China). The Human LncRNA Array was designed with probes of transcriptional specificity and provided an overview of lncRNAs and mRNAs of the human genome.
Data analysis
Differentially expressed lncRNAs and mRNAs were filtered by fold change. Hierarchical clustering and scatter plots were used to visualize differences in lncRNA and mRNA expression. Gene ontology (GO) analysis was conducted using standard enrichment calculations. Pathway analysis was conducted based on data from the Kyoto Encyclopedia of Genes and Genomes database (KEGG, http://www. genome.jp/kegg).
Quantitive real-time PCR (qRT-PCR)
We made a random selection of four downregulated and four upregulated lncRNAs to verify the results of microarray analysis and then tested their expression using quantitative real-time (qRT)-PCR (≥ 2-fold, P < 0.05 analyses were performed in triplicate. The results were normalized and analyzed using the 2 -ΔΔCT method, with glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as an internal control.
Statistical analysis
SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was used to analyze the results, which were demonstrated as the means AE standard deviation of three independent trials. The significance between groups was evaluated by analysis of variance. Statistical significance was defined as P < 0.05.
Results

Differentially expressed lncRNAs and messenger RNAs
In order to illuminate the patterns of differentially expressed lncRNAs and mRNAs, we divided tissue specimens into two comparisons: one containing three LAD tissue samples without lymphatic metastasis (group-Exp1) versus paired ANT lung tissues (group-Ctrl), and the other with three LAD tissue samples with lymphatic metastasis (group-Exp2) versus LAD samples without lymphatic metastasis (group-Exp1). The high throughput analysis of lncRNAs and mRNAs for these two comparisons revealed a slight difference in the differentially expressed genes between the samples. Quantile normalization and subsequent data processing was conducted using Agilent Gene Spring GX software version 11.5.1 (Agilent Technologies, Santa Clara, CA, USA), using the lncRNA (Fig 1a,b) and mRNA (Fig 1c,d ) signatures in the comparative groups.
The results of the comparison between LAD samples without lymphatic metastasis and ANT lung tissues revealed that 949 lncRNAs (450 upregulated, 499 downregulated) (Fig 2a) and 681 mRNAs (112 upregulated, 569 downregulated) were differentially expressed (≥ 2-fold, P < 0.05) (Fig 2b) . The results of comparison between LAD samples with and without lymphatic metastasis revealed that 2740 lncRNAs (1208 upregulated, 1532 downregulated) (Fig 2c) and 1714 mRNAs (400 upregulated, 1314 downregulated) were differentially expressed (≥ 2-fold, P < 0.05) (Fig 2d) .
Validation of microarray results by qRT-PCR
To verify the microarray data, we performed qRT-PCR to assess the levels of eight lncRNAs (4 downregulated, 4 upregulated genes; ≥ 2-fold, P < 0.05). In qRT-PCR of LAD samples without and without lymphatic metastasis and ANT lung tissues, the levels of SRGAP3-AS2, EGFEM1P, FAM66E, and HLA-F-AS1 were downregulated, while the levels of LINC00113, AC005009.1, ARHGAP22-IT1 and AC009411.1 were upregulated. ARHGAP22-IT1 had a maximum log2 fold change (≥ 2-fold, P < 0.05). The expression signatures of selected lncRNAs in the specimens were consistent with microarray data (Fig 3a) . In the qRT-PCR of LAD cells versus BEAS-2B cells, parallel characteristics were identified. The expression of four upregulated genes, LINC00113, AC005009.1, ARHGAP22-IT1, and AC009411.1, in SPC-A1, A549, H1299, and Calu1 cells was higher than in BEAS-2B cells (Fig 3b) . Meanwhile, expression of the four downregulated genes SRGAP3-AS2, EGFEM1P, FAM66E, and HLA-F-AS1, was lower in SPC-A1, A549, H1299, and Calu1 compared to BEAS-2B cells (Fig 3c) .
Gene Ontology analysis
Gene Ontology analysis defines the functions and description of genes and their products, and covers three aspects: biological process (BP), cellular component (CC), and molecular function (MF) (http://www.geneontology.org). We conducted GO analysis to identify enrichment of mRNAs. A GO term with a low P value indicated high significance (P ≤ 0.05).
The results showed that upregulated mRNA genes in LAD without lymphatic metastasis compared to ANT lung tissues were mainly involved in leukocyte migration, digestion, leukocyte chemotaxis, and regulation of system and multicellular organism processes. These genes were found in the cornified envelope, ruffle membrane, Golgi lumen, lateral plasma membrane, and cell leading edge. The MF of these genes included diacylglycerol kinase, voltage-gated channel, NAD+ kinase and antiporter activities, and glycosaminoglycan binding (Fig 4a) . Meanwhile, the downregulated genes in LAD without lymphatic metastasis compared to ANT lung tissues were involved in BP, including regulation of the multicellular organism process, response to external stimulus, and cellular component movement. We found high GO enrichment in motile cilium, ciliary cytoplasm, axoneme, cilium, cell projection cytoplasm, and other parts. The MF included protein binding, cytokine receptor activity, and microtubule motor activity (Fig 4b) . 
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In the comparison of LAD with and without lymphatic metastasis, the GO terms with the most significant enrichment of upregulated mRNA genes were regulation of macromolecule metabolic, cellular process, and cellular responses to organic substance in BP. They were encountered in the cytoplasm and intracellular parts of CC. In regard to MF, various types of binding occurred, such as protein and ion binding (Fig 5a) . Downregulated genes were found most frequently during cell-cell adhesion, branching involved in the salivary gland, and homophilic cell adhesion in BP; and in mostly extracellular regions during CC. The prominently enriched GO terms of MF were glycosaminoglycan, heparin, and sulfur compound binding (Fig 5b) .
Pathway analysis
We analyzed differentially expressed mRNAs based on KEGG, and the results demonstrated that six pathways were involved with upregulated genes in LAD without lymphatic metastasis compared to ANT lung tissues. The significant pathways containing more upregulated mRNAs were carbohydrate digestion and absorption, starch and sucrose metabolism, and African trypanosomiasis (Fig 6a) . Meanwhile, 35 pathways corresponded to downregulated genes, including apoptosis, the MAPK and FoxO signaling pathways, and cytokine-cytokine receptor interaction (Fig 6b) .
On the other hand, the analysis between LAD with and without lymphatic metastasis showed that 37 pathways of upregulated mRNAs are significantly enriched, including Influenza A, Hepatitis C, osteoclast differentiation, pathways in cancer, and Epstein-Barr virus infection (Fig 6c) . The high-enrichment of 12 significant pathways of downregulated transcripts include chemical carcinogenesis, Butanoate and retinol metabolism, steroid hormone biosynthesis, and salivary secretion (Fig 6d) .
Discussion
Over the past several years, lncRNAs have been extensively examined to determine their role in biological processes. 8 LncRNAs function in numerous cellular contexts, including cell-cell signaling and transcription regulation. 9 Many lncRNAs show specific expression patterns from embryogenesis and organogenesis to tumorigenesis. 10 Herriges et al. examined transcription factor expression in the foregut and found that lung endoderm development may be regulated by lncRNAs. 11 Niland et al. reported that lncRNAs may link to certain human neurological disorders. 12 Zhang et al. analyzed the expression patterns of lncRNA genes in skeletal muscle compared to brown adipose tissue. 13 LncRNAs are also involved in carcinogenesis; as several cancer risk loci are transcribed into lncRNAs, a large number of cellular processes are therefore affected.
14 Many studies have proved that the abnormal regulation of certain lncRNAs can result in the occurrence of malignancies and tumor development. Lu et al. found that LncRNA BC032469 can promote the proliferation of gastric cancer cells. 15 Metastasis-associated lung adenocarcinoma transcript 1 (Malat1) is a tumorigenic lncRNA with a strong correlation to various types of cancers. 16 Upregulation of oncogenic lncRNA HOTAIR is clinically and functionally relevant to the development of breast, esophagus, and liver cancers. [17] [18] [19] LncRNA expression is altered in numerous kinds of cancers compared to corresponding adjacent noncancerous tissues. 20, 21 Xiong et al. found differentially expressed lncRNAs in colorectal cancer cells with 5-FU-based chemoradiation resistance compared to the corresponding parental cells. 22 Huang et al. conducted microarray and identified significantly deregulated lncRNAs/circular RNAs and mRNAs in bladder cancer compared to ANT tissues. 23 The correlation between lncRNAs and LAD has not been definitively determined. Several lncRNAs have been proposed as oncogenic in LAD, including LINC00707, Figure 4 The enrichment Gene Ontology (GO) terms of differentially expressed messenger RNA (mRNA) genes in lung adenocarcinoma (LAD) without lymphatic metastasis compared to adjacent non-tumor (ANT) lung tissues. Biological process (BP), cellular component (CC) and molecular function (MF) of (a) upregulated and (b) downregulated mRNAs (P < 0.05).
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Thoracic Cancer 9 (2018) 1312-1322LINC00319, and lncRNA MIR31HG. [24] [25] [26] However, whether lncRNAs are related to the occurrence of LAD, and whether differentially expressed lncRNAs could be considered significant with the presence or absence of lymphatic metastasis has not yet been determined.
Many studies have used GO analysis to determine differentially expressed RNAs, both coding and non-coding RNAs. GO can analyze different RNAs or annotate interaction in co-expressed lncRNAs and coding RNAs. Yang et al. reported that the top enrichment term of coding genes was catalytic activity in trichostatin-induced apoptosis liver cancer cells. 27 GO analysis of lncRNAs in increasingly being applied develop and the results vary with different diseases. Lv et al. evaluated dysregulated lncRNAs in triple negative versus non-triple negative breast cancer and discovered via GO analysis that lncRNAs are involved in many cellular and metabolic processes, as well as in diverse binding and ligase activities. 28 Peng et al. analyzed aberrant lncRNA genes in LAD and found that the top GO terms are mainly enriched in cell adhesion, parts of the extracellular region, and cytoskeletal protein binding. 29 In our comparison of LAD with and without lymphatic metastasis, we found that cell-cell adhesion was downregulated in BP of GO, and when altered may facilitate the migration and metastasis of tumor cells. Upregulated genes in this comparison were enriched in mostly intracellular rather than extracellular regions where the downregulated genes were found. In the comparison of LAD without lymphatic metastasis compared to ANT lung tissues, some cell-biological properties were found upregulated in KEGG pathway analysis, such as carbohydrate digestion and absorption" and starch and sucrose metabolism. These energy metabolism processes are reported to influence cell cycle and growth, but can also be deregulated by cancer cells. 30 One of the pathways enriched by downregulated lncRNAs was apoptosis. Tumor cells evolve using various strategies to circumvent apoptosis and resist normal cell death, gaining unlimited proliferation as a result. Herein, we posited that the downregulation of apoptosisrelated genes might be associated with the development of LAD. Our pathway analysis showed that aberrant mRNAs were enriched in processes closely related to other cancer biology that encompassed the FoxO signaling pathway. As a subfamily of the forkhead transcription factor family, Forkhead box O (FOXO) is crucial to cellular consequences, and is also considered a cancer suppressor in different malignancies. 31 Wang et al. found several enriched KEGG pathways in LAD among significantly upregulated genes, including the cell cycle and various metabolismrelated pathways, and downregulated genes, such as Rap1 signaling pathway. 32 Sand et al. identified the highest enrichment scores in KEGG pathway analysis in basal cell carcinoma samples compared to control samples, including focal adhesion, ECM receptor interaction, and the PI3K-Akt signaling pathway that regulates the cell cycle. 
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Our microarray, GO, and pathway analyses of differentially expressed lncRNAs provide lncRNA and mRNA profiles in LAD with and without lymphatic metastasis. Our results may be used as a basis for gaining insight into the correlation of lncRNAs with lymphatic metastasis in LAD patients, and subsequently, prospective diagnosis biomarkers and specific treatment options based on these diverse pathological patterns. Further research using a larger cohort is warranted to validate our results.
